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In  some  animals  .fractures  occurred  at  the  lesion  ond.^ere  confined, 
largely  to  Aundibulsr  lncisors»  Tha  total  incidence*  or  animals  vith 
fractured  incisors  vas  treater  at  th&  higher  doses  for  each  type  of  ' ' 
radiation*  Food  in  meal  fem,  presented  In  open  containers,  resulted 
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The  Problem: 

A  macroscopic  lesion  has  been  observed  in  the  incisor  teeth  of 
rats  several  weeks  after  irradiation*  Only  one  lesion  per  tooth  is 
observed.  This  lesion  is  an  area  of  structural  weakness  at  which 
fracture  may  occur.  A  study  was  made  to  assess  the  incidence  para- 
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quarters .  Beginning  within  35  days  postirradiation,  meal  food  (Purina 
Laboratory  Chow)  in  open  containers  and  water  were  supplied  ad  libitiim. 
The  Einimals  were  part  of  a  larger  group  destined  to  be  studied 


throughout  their  life  spans  for  late  effects  of  irradiation.  The 

study  was  composed  of  four  experiments  using  animals  frcm  four  birth- 

^dates  separated  by  two  week  intervals.  Within  each  experiment,  litter- 
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mateg,  were  dijstg-ibu-ted  as  equally  as  practicable  among  a  sham  irradiat- 
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The  6o  inch  cyclotron  of  the  University  of  California  Crocker 

Laboratory  was  the  source  of  fast  neutrons.  Neutrons  were  produced  by 
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12  Mev  proton  bombardment  of  a  beryllium  target.  Sulfur  thygslislci  i^e - 
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tectors  were  used  as  dosimeters  for  the  firs'fe  cfll^s^on  dose.a 
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neutron  and  gamma  ray  characteristics  of  tjiis  sourge  4^  and  the 
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method  of  dosimetry  (7)  have  been  published^  foi*  ejqjosure^  each  ani* 
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mal  was  confined  to  a  cardboard  tube  placed  witli  a  ?taiera\  sJde*'®owar(i 
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the  source.  At  the  midpoint  ofothe  expQsJIgSi  S^trne^ 
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animal  were  inspected  at  approximately^  wgqltjy  IftTqgVaij  aR4*(4laaamg  * 
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were  made  of  the  observations  to  record  tjig  Jplgsgagg^  , 
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of  the  lesion,  each  tooth  was  probed  geqlfcljF  40  ggt^ngfVai 

fracture.  When  an  incisor  was  found  Jig  ffig ^tal 
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Fig.  1  The  incisor  teeth  of  a 
rat  that  had  heen  irradiated  with 
320  rads  of  neutrons  57  days  pre¬ 
viously.  Note  white  lesion 

in  each  of  the  mandibular  inci¬ 
sors  .  The  teeth  are  slightly  con¬ 
stricted  in  the  region  of  the  le¬ 
sion.  The  corresponding  defects 
in  the  maxillary  incisors  are 
still  subgingival. 


Fig.  2  The  incisor  teeth  ©f  a 
S'at  that  had  been  irradiated  with 
36®  rads  of  neutrons  78  days  'gre- 
viousSy.  Note  that  each  mandS'feu- 
*  iar*  incisor  is  broken  at  the  le¬ 
sion,  the  remnant  of»whieh  ?s  a‘5 
the  occlusal  surface.  EaSlf  max® 
illary  incisor  is  el®ngat^^  as 
a  result  of  fracture  of  Its  ftps 
posing  p-ncisor  and  5s  slightly 
eonstcfeted  at  the  lesien* 
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view  approximately  two  weeks  later  in  the  erupting  maxillary  incisors 
(Fig.  2).  The  lesion  presented  as  a  chalk -white  zone  in  the  maxillary 
and  as  a  glassy  to  chalky  zone  in  the  mandibular  incisors.  The  glassy 
appearance  may  have  been  due  to  the  absence  of  pigmentation  on  the 
labial  aspect  of  the  tooth  at  that  point.  The  size  of  the  zone  varied 
from  a  fine  hair  line  to  an  area  involving  approximately  I/3  of  the 
erupted  tooth.  The  degree  of  visibility  and  the  size  of  the  zone 
varied  with  dose,  being  least  after  430  rads  of  x-rays  and  greatest 
after  3^0  rads  of  neutrons.  In  seme  cases  the  shaft  of  the  tooth  was 
constricted  at  the  lesion,  the  frequency  being  greater  at  the  hi^er 
doses.  In  every  instance  the  defective  zone  extended  the  fu*l3>  width 
of  the  tooth.  The  sizes  of  the  lesions  in  ad;3acent  teeth  were  ngt 
necessarily  equal,  differing,  in  some  cases,  by  a  factor  o^1;wf|| 

The  cumulative  incidence  of  animals  exhibiting  one  or  mor%i2%» 
fective  incisors  was  975^  in  the  430s>rad  x-ray  group  and  lOOjt  ill  a^ 

a 

other  groups.  There  was  a  greater  gradation  of  response  f 
to  number  of  incisors  affected  per  animal  among  the  sublethaSly  jc* 
irradiated  animals  than  among  those  in  the  other  groups  •Jfalte  1% 
Defects  were  observed  in  all  four  incisors  of  of  thosg  gxpjsed  4# 
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430  rads  of  x-rays  in  contrast  with  88^  or  more  after  a^  gtTiey^^ay 
and  neutron  doses «  Althou^  areas  of  discoloration  are  fgun^  §gf am 
sionally  on  the  incisor  teeth  tif  non -Irradiated  animais,  in  n*  f^sjanf  g* 
has  a  lesion  identical  with  that  produced  by  irradiation  been  o'bserveS® 
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The  incidence  of  x-irradiated  animals  vith  one  or  more  lesions  as 
a  function  of  time  postirradiation  ^s  presented  ^n  Fig.  In  both 

groups  defective  zones  were  detetited  5.nJti8®9y  between  55  *^5  days 
postirgadiation.  The  maximum  in^idenje  was  attained  ^letween  days 
65  in  the  ^30  rad  group  and  between  days  ^0  -  ^5  In  the  68O  jjad  groups 
Lesions  were  no  longey  apparent  by  day  85  and  day  io5  in  the  and 
680  rad  groups,  respectively^  The  lesitms  weje  f^st  observed  In  the 
mandibular  incisors  (Fig.  4^  followed  wilhlii  twj|  weeks  ly  observation 

of  lesions  in  the  mspclj-lary  Jnc4sojs*of  sfme  anfmafs*  Vhfie  ffce  ISimes 

0  O 

of  first  appearance,  maximum  InefdenJ^  an^  |fl.fsappeajan§%  <|£  mandlbulaj 

lesions  appeared  to  be  about  the  same  <Jlse  groups^  a  J^nge]* 
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time  was  required  for  the  Incidenge  •if  anjma^s  wiA  maxjllar^  Incisoi* 
lesions  of  the  68O  rad  group  to  reaclj^  a  ma^JImum  an^  t%fet<pj3|  t|>  zero. 

The  times  of  first  appearance  and  maximum  fntidenc^  ^ftieutjon- 
eaposed  animals  with  lesions  in  the  fn^seps  {fig*  Cli^iresjionded  tfp 
those  observed  for  animals  exposed  t§  x-rays*  For  the  eaijlest  J.n* 
terval,  the  incidence  in  the  23O  rad  group  was  approximately  goui» 

times  that  of  either  of  the  other  twqj  neutron-exposed  groups  and  ^n- 
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dicates  a  longer  latency  for  ecmparable  Incidence  wfth.  hl^ep  doses 
of  neutrons.  The  maximum  Incidences  observed  were  of  the  same  order 

as  that  noted  for  the  68O  rad  x-ray  group  euid  occurred  at  approximately 

o 

the  same  time.  As  in  the  case  of  the  x-ray  groups,  the  timeQrequired 

for  disappearance  of  all  lesions  varied  with  dose.  The  dichotomy  in 
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o  Fig.  4  Percent  incidence  of  rats  with  lesions  in  mandibular  and/or 
maxillary  incisors,  as  a  function  of  time,  following  whole-body 
X- irradiation. 
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PERCENT  RATS  WITH  FRACTURED  INCISORS 


O 


DAYS  POST  IRRADIATION 


Fig-  ]  Percent  Incidence  of  rats  with  broken  mandibular  and/or 
maxlllavy  Incisors,  as  a  function  of  time,  following  whole-body 
neutron  er  xslrradlatlon- 


O 


For  either  mandibular  or  maxiUazy  incisors^  the  initial  appear¬ 
ance  of  a  lesion  occurred  in  the  majority  of  the  animals  at  the  same 
time;-  however,  there  was  an  interval  of  three  to  five  weeks  before  sQl 
■  in  a  group  had  presented  a  lesion.  In  those  suiimads  present¬ 
ing  a  leslcm  of  both  mandibular  or  both  maxillary  incisors,  the  de¬ 
fective  zone  appeared  in  the  second  meadjer  of  the  pair  within  two 
weeks  following  appearance  of  a  lesion  in  the  first  of  the  pair.  For 
the  Individual  animal,  the  tijne  interval  between  the  appeeurance  of  the 
defective  zone  in  the  first  mandibular  and  the  first  maxillary  in¬ 
cisor  varied  from  less  than  a  week  to  approximately  seven  weeks.  The 
a 

reason  for  the  defect  not  appearing  simulteuieously  in  both  of  a  pair 
of  incisors  is  not  known  but  may  be  due  to  differences  in  tooth  bud- 
glnglved  crest  distances,  growth  rates,  and/or  to  cell  state  at 
irradiation.  The  same  factors  may  also  contribute  to  the  variability 
in  appearance  times  among  animals.  Unfortunately,  there  wereeln- 
sufflclent  numbers  of  llttermates  within  each  irradiation  group  to 
detemlne  the  portion  of  variability  attributable  to  litter  differ¬ 
ences.  An  apparent  genetic  and/or  neonatal  effect  upon*m^an  day  of 
first  appearance  of  the  lesion  has  been  found  (8). 

In  contrast  with  Lelst's  finding  that  maxillary  Incisors  were 
damaged  mo>re  often  than  mandibular  incisors  (2),  it  is  of  interest 
that  the  maijority  o>f  our  animals  had  lesions  of  all  four  incisors, 
and  in  those  cases  in  which  not  tOJ.  four  incisors  were  affected,  the 
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maxillary  Incisors  were.  In  most  Instances,  the  ones  without  visible 
defects.  Lelst  attributed  his  findings  to  the  fact  that  his  animals 
were  irradiated  from  the  dorsal  side  and  assisned  that  the  difference 
was  due  to  a  greater  dose  delivered  to  the  maxillary  Incisors.  In 
the  present  esqmriment  the  x-lrradiated  animals  were  also  Irradiated 
from  the  dorsal  side.  The  inconsistency  in  the  observations  nay 
lie  in  differences  in  the  energy  spectra  of  the  radiation  beans  and 
the  resultant  differential  in  depth  dose. 

In  a  previous  experli^nt  (^)  in  which  food  pellets  were  pre¬ 
sented  in  containers  of  wlre^esh  throu£^  which  the  animals  had  to 
gnaw,  the  incidence  of  animals  with  fractures  was  26^  sd^er  430  rads 
and  after  680  rads  of  x-rays.  In  that  study,  the  animals  were 
given  meed  food  as  wel£  as  pelftets  in  open  containers  only  after  de¬ 
tection  ail  a  ^jaken  tooth.  In  ^e  present  study,  in  which  the  ani- 
maSs  were  ^laaeS  anmea$  ftod  within  fodlowlng  irradiation, 

the  |{a%ture  ^ncldenaes  wei§^^  sitlejf  j;ads  and  34^  after  680  rads. 
The  fiensfSerdble  d^ifeiiences  ilk  #nfidenaes  sure,  no  doubt,  due  to  the 
manner  of  feeding.  These  observAlons  suggest  the  vcdue  of  pre¬ 
ventive  measures  in  studies  af  Trradlated  rats  during  the  crltlcsd 
dental  i>erlod.  It  wouid  be  advantageous  to  preclude  pcurtlal  or 
total  starvation  during  the  aritlcal  dental  period  by  feeding 
the  animals  meal  food  in  open  contain^s  and  inspecting  the  teeth 
at  least  c»ce  a  week.  Contrary  to  opinions  held  by  some,  the  • 


rat  does  not  appear  to  require  pellet  food  upon  vhlch  to  gnaw  In  order 
to  prevent  overgrowth  of  Incisor  teeth.  Our  present  practice  Is  to 
maintain  animals  on  meal  food  frcn  the  time  of  receipt  from  the  breed¬ 
ing  colony  (25  days  of  age)  until  death.  Animals  have  been  maintained 
on  this  regimen  for  more  than  1000  days  without  dental,  problems  arising 
as  a  result  of  the  jdiyslcal  state  of  the  food.  o 

The  critical  dental  period  may  not  coincide  In  all  cases  with 
that  presented  here.  Hie  time  of  appearance*  of  defective  tooth 
substance  In  the  e]q>08ed  portion  of  the  Incisor  may  be  delayed  at 
hl^er  doses.  For  example,  Medak  et  al  (9)  have  published  idiotomlcro- 

graphs  of  maxillary  Incisors  in  which  the  defective  portion  of  the 

e 

tooth  had  not  erupted  at  27  and  30  weeks  following  local  exposure  to 
3000r  of  100  kv  x-r^s.*  It  Is  possible  that  sosie  of  the  broken  teeth 
observed  In  the  present  study  were  the  result  of  a  transient  complete 
cessation  of  tooth  formation  with  a  resultant  minute  gap  In  the  tooth  * 
structure  similar  to  the  more  pronounced  gaps  observed  following  ex¬ 
posure  of  the  head  only  to  single  (4,9)  or  multiple  (lO)  doses  of 
klloroentgen  magnitude. 

The  fractures  In  the  present  e:gperiment  were  confined  largely  to 
the  mandibular  Incisors.  Althoucd*  this  may  be  due  to  a  greater  degree 
of  radiation  damage  to  the  lower  Incisors,  It  may  also  be  a  resultant 
of  the  differences  In  physical  characteristics  between  the  two  pairs 
of  teeth.  The  smaller  cross  section,  the  greater  length  and  the 


apparent  lesser  support  by  its  pair  aenber  as  evidenced  by  lateral 
mobility,  are  factors  which  would  favor  fracture  of  the  mandibular 
incisor. 

SUIMABY: 

Adult  male  rats  were  ejqposed  to  single  whole -body  doses  of  x- 

rays  or  neutrons  in  the  high  sublethal  and  30  day  lethal  ranges.  A 

chalky  zone  was  detected  in  the  tooth  shaft  at  the  gingival  crest  of 

mandibular  Incisors  approximately  35  days  postirradlatlon  and  in 

maxillary  Incisors  several  weeks  later.  The  intensity  of  the  lesion 

« 

and  the  number  of  incisors  affected  per  animal  varied  with  dose 
being  least  after  sublethal  x-irradlation  and  greatest  after  esqposure 
to  neutron  doses  in  the  lethal  range.  The  lesions  were  no  longer 
apparent  after  the  fourth  postirradlatlon  month.  Fractured  incisors 

o 

were  observed  during  the  same  period,  the  number  of  animals  with 
fractures  being  greater  after  hi^er  doses.  Fractures  were  pre¬ 
dominantly  in  mandibular  teeth.  The  use  of  meal  food  in  open  con- 
tcdners  markedly  reduced  the  incidence  of  freictures.  Neutron  irrad- 
iatlcxi  appears  to  be  two  to  three  times  more  effective  than  x-rays 
in  producing  the  defects  described. 
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